Background: The purpose of this study was to compare the pain perception and anesthetic efficacy of 2% lignocaine with 1:200,000 epinephrine, buffered lignocaine, and 4% articaine with 1:200,000 epinephrine for the inferior alveolar nerve block. Methods: This was a double-blind crossover study involving 48 children aged 5-10 years, who received three inferior alveolar nerve block injections in three appointments scheduled one week apart from the next. Pain on injection was assessed using the Wong-Baker Faces pain scale and the sound eye motor scale (SEM). Efficacy of anesthesia was assessed by subjective (tingling or numbness of the lip, tongue, and corner of mouth) and objective signs (pain on probing). Results: Pain perception on injection assessed with Wong-Baker scale was significantly different between buffered lignocaine and lignocaine (P < 0.001) and between buffered lignocaine and articaine (P = 0.041). The onset of anesthesia was lowest for buffered lignocaine, with a statistically significant difference between buffered lignocaine and lignocaine (P < 0.001). Moreover, the efficacy of local analgesia assessed using objective signs was significantly different between buffered lignocaine and lignocaine (P < 0.001) and between lignocaine and articaine. Conclusion: Buffered lignocaine was the least painful and the most efficacious anesthetic agent during the inferior alveolar nerve block injection in 5-10-year-old patients.
INTRODUCTION
Pain is an unpleasant sensory and emotional experience associated with actual or potential tissue damage [1] .
Pain is an inevitable factor during various dental procedures and it is one of the major reasons why a patient may fear dental treatments, which is especially true for pediatric dental patients. Therefore, the effective control of pain during dental procedures is an important prerequisite of pediatric dentistry. In dentistry, the employment of local anesthesia as a means of pain control has been one of the medical marvels of the twentieth century. Lignocaine hydrochloride has been the most commonly used anesthetic agent since its clinical availability in 1941. Hence, it is considered as the "gold standard" to which all new local anesthetics are compared [2] . Buffering the lignocaine solution to a neutral pH as a method of analgesia has been recommended [3] . more rapid onset of anesthesia, and decreased post injection tissue injury [2] .
In 1976, a new amide local anesthetic, articaine HCl was introduced. The clinical effects of articaine are similar to lidocaine; however, it also has additional properties that make the drug quite attractive in dentistry.
Articaine is unique among local anesthetics because it is the only local anesthetic which possesses a thiophene group instead of a benzene ring; it is also the only widely used local anesthetic that contains an ester group. These properties account for the better performance of articaine over other local anesthetics [4] ; however, it is ironical that the administration of local anesthetic itself may be a source of pain and anxiety to some patients [5, 6] , which might result in patients avoiding dental care and follow-up [7, 8] .
It has been suggested that the application of topical anesthetic agents prior to puncture [5, 9, 10] , warming up the local anesthetic [11, 12] , and buffering [2] Subjects were randomly allocated via 3/3 balanced Latin square design; 6 patients were recruited in two blocks and assigned their treatments. Since there was an odd number of the visit in the study, orthogonal Latin square was used in which each column represented the order of anesthetic agents (A, B, C) given to each subject to achieve a balance [13] .
MATERIALS AND METHODS
Thus, we required the sample size to be a multiple of 6 which informed our decision to enroll 48 subjects for this study. bicarbonate (Neon Laboratories Ltd.) were mixed into the vial to make the final preparation [3] . The pH of the commercially available solution was found to be 4.33, while the pH of the buffered solution was 7.32. Either solution, at a volume of 1.8 ml, was dispensed in a disposable 2 ml syringe with a 27-gauge needle, which was used for all inferior alveolar nerve block injections.
Pain perception during the administration of local anesthesia was assessed by the SEM scale [14] , and the Wong-Baker Faces pain rating scale [15] as the primary outcome; the time of onset and efficacy of analgesia was determined as the secondary outcome.
Criteria for assessment

Pain perception
On the day of the appointment, every patient was reassessed for inclusion and exclusion criteria. After seating the patient on the dental chair, topical anesthetic agent (Procaine-B 20% Benzocaine) was applied over the injection site one minute before the injection. The first researcher then administered the local anesthetic solution using the standardized inferior alveolar nerve block (IANB) technique. The first researcher was handed the loaded syringe (2 ml disposable syringe with 27-gauge needle) by the second researcher and was unaware of the type of local anesthesia that he was administering. The trained assistant who was pre-calibrated and blinded to the type of solution recorded the SEM scale (Table 2) during anesthetic deposition from a distance of 1.5 meters.
Using a standardized Wong-Baker Faces pain scale (FPS), pain perception was also judged subjectively by the patient who was also blind to the type of anesthetic agent (Fig. 1) . The child was asked to point at the face as per his experience. Subsequently, the number corresponding to the face selection was recorded. 
The onset of Anesthesia
The onset of anesthesia was measured in seconds by an objective sign (gingival probing). Probing was carried
out with a blunt-ended Williams's periodontal probe by gently probing on the gingival, which was initiated 30 seconds after injection and checked every 15 seconds using a stopwatch until the child patient experienced the absence of pain.
Efficacy of anesthesia
Efficacy of anesthesia was assessed both objectively and subjectively. The subjective sign was assessed by repeatedly asking the child about numbness on the tongue, corner of the mouth, and lip every 30 seconds;
this was repeated until the child experienced complete numbness. The objective sign was assessed by gingival probing as explained above for the onset of anesthesia;
this was repeated until the child experienced the complete absence of pain.
The data were recorded and subjected to statistical analysis using the statistical package for the social sciences (SPSS) 20.0 software. Three factors analysis of variance (ANOVA) which was adjusted for subject block and visit (period) was used for analyzing the differences. Table 3 shows the Wong-Baker scale and the SEM scale scores for pain perception during anesthetic injection. When tested using three-factor ANOVA, the difference in the Wong-Baker scale score was found to be statistically significant between buffered lignocaine and lignocaine (P < 0.001), and buffered lignocaine and articaine (P = 0.041). However, using the SEM scale, even though there was a difference in the scores obtained for all the three agents (least score for buffered lignocaine), this difference was not statistically significant. The motor component value was significantly different between the buffered lignocaine and articaine (P = 0.018). Table 4 shows the time of onset of anesthesia (measured in seconds) for all the three local anesthetic agents. Mean (± SD) time of onset was 73.63 (± 13.45) seconds for lignocaine, buffered lignocaine, and articaine, respectively. Furthermore, the differences in the time of onset were statistically significant between buffered lignocaine and lignocaine (P < 0.001) and buffered lignocaine and articaine (P = 0.026). The mean time (± SD) taken for achieving maximum efficacy (using objective signs) was 75.00 (± 15.45) seconds, 85.63 (± 12.37) seconds, and 79.38 (± 18.55) seconds for lignocaine, buffered lignocaine, and articaine, respectively.
RESULTS
The difference was statistically significant between buffered lignocaine and lignocaine (P < 0.001) and buffered lignocaine and articaine (P = 0.026). Table 5 shows the time before maximum efficacy (subjective sign) was attained. The difference between the time taken to attain complete numbness in the lip, corner of the mouth, and tongue was found to be statistically significant between buffered lignocaine and lignocaine and buffered lignocaine and articaine. Table 6 shows the age-wise assessment of the Wong-Baker scale scores; the scores were lowest among the 10-year-olds and highest among the 6-year-olds.
Furthermore, among all three agents and age groups, buffered lignocaine was found to be the least painful agent during administration. Table 7 shows the age-wise assessment of the SEM scale scores; the scores were highest among 5-year-olds and lowest among the 10-year-olds. Additionally, the lowest score was observed for buffered lignocaine in all age groups, except among 9-year-olds.
DISCUSSION
Pain control is an important aspect in the administration of local anesthesia in pediatric dental practice; thus, several procedural, behavioral, and pharmacological strategies have been proposed to alleviate pain and discomfort during pediatric dental treatment. Hence, buffering the local anesthetic solution has been suggested as a means of reducing the pain caused by the administration of the local anesthetic. This pain, which usually manifests as a burning sensation can be quite severe, and has been attributed to the increased hydrogen ions in the local tissue environment caused by the acidity of lignocaine. Consequently, the addition of sodium bicarbonate to the local anesthetic preparation raises the pH of the formulation thereby reducing the pain during anesthetic administration [3] .
Articaine is fundamentally different from lignocaine and the other amide anesthetics, due to its possession of a thiophene ring instead of the benzene ring that is typically present in these group of compounds. It has been speculated in the scientific literature that the thiophene ring encourages rapid transport across the nerve cell membrane, which may account for the reported faster onset of action and the decreased pain during administration [16] . This double-blind prospective cross-over study was conducted to assess the pain perception and efficacy of lignocaine, buffered lignocaine, and articaine.
As the inferior alveolar nerve block has claimed as one of the most painful and stressful procedures of pediatric dentistry [17] , the present study employed this procedure to compare the pain perception and efficacy of local analgesia. However, because pain is extremely difficult to quantify in children, two different scales were used for pain assessment. The Wong-Baker Faces pain scale was used for subjective measurement; it showed good construct validity as a self-report pain measurement [15] .
Conversely, the SEM [14] was used is an objective scale that measures pain or discomfort taking into account the SEM components of the child's response to stimulation.
In the present study, pain perception recorded with the help of the self-reported score (Wong-Baker scale) were different for all three formulations, and the patients showed a preference for buffered lignocaine; however, lidocaine (with adrenaline) and discovered that the pain on injection for all three anesthetic agents was similar [21] .
Age-wise assessment of Wong-Baker scale score for pain perception was lowest among 10-year-olds.
Additionally, buffered lignocaine had the lowest Wong-
Baker scale score for all the age groups, which could suggest that buffered lignocaine is the least painful anesthetic agent amongst all three agents. Furthermore, age-wise assessment of the SEM scale was highest among the 5-year-olds and lowest among the ten-year-old age group. Hence, this suggests that as the age of the child increases, the pain perception while injecting the local anesthetic decreases; this could be attributed to an increased pain tolerance with age.
In the current study, the time to onset after the administration of local anesthetic agent was found to be statistically significant between 1) lignocaine and buffered lignocaine and 2) buffered lignocaine and articaine. Similar findings were reported by Malamed et al. [19] for the IANB, and by Kashyap et al. [20] [24] .
In the present study, the efficacy of different local anesthetics such as lignocaine, buffered lignocaine, and articaine was assessed with the help of subjective signs (numbness on the lip, tongue, and corner of mouth) and objective signs (pain while probing). The results of this study suggest that buffered lignocaine is a more efficacious local anesthetic, whereas lignocaine and articaine are equally effective in children. This was in agreement with Malamed et al. [19] who reported that articaine is as effective as lignocaine. Conversely, the study conducted by Saraf SP et al. [25] compared the anesthetic efficacy of 4% articaine and 2% lignocaine for the anterior superior alveolar nerve block and infraorbital nerve block and reported that 4% articaine was more efficacious than 2% lignocaine. Kambalimath DH et al., also reported in their study that there was no statistically significant difference in the onset of action and duration of anesthesia between articaine and lignocaine solutions [26] .
In conclusion, pain perception varies with lignocaine, buffered lignocaine, and articaine administration. Among these agents, buffered lignocaine was found to be least painful agent during injection in patients aged 5-10 years old. The local anesthetic efficacy of lignocaine, buffered lignocaine, and articaine showed a statistically significant difference between them. Buffered lignocaine was revealed as the most efficacious anesthetic agent; however, articaine and lignocaine were also found to be equally effective. 
